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INTRODUCTION
According to World Health Organization, out of the 102 major diseases, environmental risk factors contribute to disease burden in 85 categories. An estimated 24% of the global disease burden and 23% of all deaths (premature mortality) are attributable to environmental factors [1] . This represents a significant contribution to the overall disease burden, yet believed to be a conservative estimate as there is little understanding of any established doseexposure and exposure-response relationship analysis in environmental associated human ailments, including cancer. It is now believed that cancer has both a genetic and epigenetic component. The greater concordance of cancer incidence in twins and in families, studying cancer rates in migrant populations and cancer incidences by geography and over time exhibits an intimate gene-environmental relationship with disease aetiology [2] . A preponderance of evidence from multiple large prospective studies indicates that exposure to a wide array of natural and man-made substances in the environment accounts for at least 2/3 of overall cancer burden [3] . Mode of action of the environmental toxicant at sub-cellular or molecular level is a fundamental obligatory step in induction of cancer. It is undeniable that direct toxic insults to DNA can have a profound impact on down-stream cellular effects leading to oncogenesis, however, array of epigenetic mechanisms might as well favor carcinogenesis [4] . Overall, the path from toxico-genomic insult resulting from environmental exposures to onset of a cancer phenotype involves multiple interacting molecular signaling pathways. It has now begun to be appreciated that individual genetic susceptibility, lifestyle, timing of exposure, and threshold level of exposure to environmental toxins might as well play a defining role in initiation and promotion of the disease [5, 6] . Arguably, the variability in cancer incidences may result from gene-environmental regulation at early life (prenatal, early childhood) or later (adolescence) exposures to environmental mutagens [1] . Malignant neoplasm at IJOMEH 2015;28 (6) 923 tobacco smoke also contain MIC (~4 μg per cigarette). Methyl isocyanate is 1.4 times heavier than air and condenses in low-lying areas. Because of its high reactivity, MIC is used as an intermediate in organic synthesis, most notably in the production of carbamate pesticides and also in the production of rubber and adhesive. The MIC is prepared industrially by reacting methylamine with phosgene, oxidizing monomethylformamide at high temperatures (> 550°C), or heating metal MIC. Methyl isocyanate is considered to have poor warning properties because the human threshold for the detection of odor (> 2 ppm) and mucous membrane irritation (> 0.4 ppm) are higher than the 0.02 ppm admissible threshold limit value [17, 18] . Due to its nature and primary properties, MIC is known to exert detrimental effects on human health. Exposure to MIC during the Bhopal gas tragedy resulted in massive human carnage which is still quoted as an unflinching best example for acute exposure-related catastrophes in the history of environmental disasters [5, 6] . The incident appraised the modern world about the enormity of toxic implications that can accidentally emerge from acute short term environmental chemical exposure. Nearly 3 decades have elapsed since the incident took place (2 December 1984) and still there are half a million registered survivors of the tragedy ailing from various debilitating, life threatening illnesses (Table 1 and 2) [5, 6] . Although it is most unfortunate that the accident has occurred, this has opened up an immense opportunity to learn about adverse effects of MIC and other such acute toxic exposures. In fact, the surviving cohort of this tragedy could possibly provide an unparallel opportunity to comprehend the long-standing implications of acute environmental toxic exposures and carcinogenic risk assessment. For a developing economy like India which is fraught with human, environmental and economical perils, dissecting out the effects of the Bhopal disaster employing a pragmatic and translational approach for cancer risk assessment will be of immense value and significance in dealing with future environmental hazards, if any (Figure 1 ). or acute. While chronic involves repeated or continuous exposures over long periods, acute generally refer to single and higher dose of toxin exposure [12] . Despite the significant biological association of carcinogenic risks attributable to acute exposures, there exists many missing links and mechanistic details that have not been adequately addressed. An acute exposure may be encountered through food intoxication or through accidental industrial disasters releasing contaminants from industries or from any other sources. Most well known incidents of acute/short term exposure include: Seveso disaster of Italy; Belgian crisis of dioxin exposure; and Bhopal gas tragedy of methyl isocyanate (MIC) exposure [13, 14] . Even though acute exposures (single dose, high concentration exposures over short periods) can prove to be detrimental, it is effects of chronic exposures (occupational carcinogens) that have been particularly well documented.
METHYL ISOCYANATE
Isocyanates and their derivatives have potential to cause toxic genomic effects [6, 15] . The cyanate ion is an anion which consist of 1 oxygen atom, 1 carbon atom, and 1 nitrogen atom -[OCN]-. The group of low molecular weight aromatic and aliphatic compounds containing the isocyanate group [-NCO], are important raw materials with diverse industrial applications. Upon exposure, they bind to human tissues, proteins and DNA, forming toxic adducts and metabolites which may cause adverse health effect [16] . Methyl isocyanate (MIC), a reactive industrial byproduct, is one of the most toxic isocyanates known. This is an organic compound with the molecular formula C 2 H 3 NO, arranged as H 3 C-N=C=O (synonyms: isocyanate methane, methyl carbylamine), and was discovered in 1888 as an ester of isocyanic acid. MIC is a widely used chemical employed as a captive intermediate in the sealed production processes of polyurethane foams, insecticides such as aldicarb, carbaryl, carbofuran and methomyl, and plastic industries. It is usually handled and transported as a liquid, which is highly inflammable, volatile and has a strong odor. Cigarettes and born after the mishap) were comprehensively evaluated using in vitro model systems and in clinical samples of MIC-affected population. The issues were addressed by devising unique approaches involving specific fingerprints for defined mechanisms that exhibit dose-exposure and exposure-response relationships (Figure 1 ).
Chronic inflammation
Aberrant inflammatory signaling plays a crucial role in the induction of cellular proliferation and extends the prolonged cell survival through activation of oncogenes/inactivation of tumor-suppressor genes resulting in genetic instability with an increased risk of carcinogenesis. The 2 phenomena are associated with each other on one hand through an extrinsic mechanism, wherein a constant inflammatory state contributes to increased cancer risk; on the other hand, by an intrinsic mechanism involving acquired genetic alterations-mediated tumor development. Whereas the former increases the risk of cancer development, the latter promotes cancer progression [21] . Precisely, roles and relationship between the 2 pathways in the tumor development depend on their specific interactions between genetic and epigenetic factors and environmental factors. Acute or chronic exposures to chemicals and infectious agents are known to create an inflammatory microenvironment that facilitates initiation of carcinogenesis [22, 23] . In this context, the pro-inflammatory cytokine response in human lymphocytes and neutrophils; human lung fibroblasts (IMR-90), human colon epithelial (FHC) cells treated with 0.005 μM (1 μg/μl) MIC were evaluated. Flow cytometric analysis revealed a time-and dose-dependent escalation in the levels of the inflammatory cytokines interleukin 6 (IL-6), tumor necrosis factor α (TNF-α), interferon gamma (IFN-γ), IL-8, IL-1β, nuclear transcriptional factor кβ (NF-кβ) and IL-12p70 in culture supernatants of cells studied [24] [25] [26] [27] .
A parallel study performed in a strictly selected surviving cohort of the Bhopal gas tragedy not only manifested
DOSE-EXPOSURE AND EXPOSURE-RESPONSE RELATIONSHIPS
The Indian Council of Medical Research (ICMR) was one of the foremost organizations to initiate clinical research studies on the affected population. As part of the ICMR investigations, 24 research projects were carried out in between 1985 to 1994 on 80 000 persons at severely, moderately and mildly exposed areas and compared with controls from unexposed areas. The findings were presented in form of a technical report "Health effects of the toxic gas leak from Union Carbide methyl isocyanate plant in Bhopal" [19] . However, the global scientific community considered the exposure and toxicity assessment incomplete. Similar thoughts were also voiced by international groups who advocated long-term investigations on the toxico-genomic effects of MIC using cutting edge technologies [20] . 
Oxidative damage
With over a hundred oxidative DNA adducts, oxidative DNA damage is also a major source for the mutation load in living organisms. By virtue of the highly reactive nature, the hydroxyl radical, generated from H 2 O 2 , is the predominant ROS that targets DNA by forming oxidized bases [37] . The best biomarkers for oxidative damage include the 8-oxo-dG, a modified nucleoside base detected as a byproduct of DNA damage repair and apurinic sites with open ring form on the damaged DNA detected by aldehyde reactive probe (ARP) reagent that reacts specifically with an aldehyde group [38] [39] [40] . On the other hand, antioxidant defense enzyme systems such as superoxide dismutase (SOD) and glutathione reductase (GR) act as the 1st line of defense against the toxicity of ROS (superoxide radicals) resulting from oxidative damage and any depletion in the activities of these enzymes against chemical damage can result in oxidative turbulence in significant enhanced levels of circulating inflammatory mediators, but presented a persistent and subtle toxic effect that well corroborated with the results of in vitro experiments [28] . Therefore, well designed genome-wide association studies in a restricted cohort might help to understand the precise role of inflammatory-mediated cancer risk and also identification of a suitable biomarker for wide-spectrum population screening.
Mitochondrial retrograde signaling
Mitochondrial oxidative stress is one of the putative mechanisms of a pro-inflammatory cytokine response. During inflammasome-independent pro-inflammatory cytokine production, mitochondrial reactive oxygen species (mtROS) modulate the equilibrium between positive and negative regulators, which results in an increase in the rate of transcription of cytokines [29] . The mitochondrion plays a pivotal role in cellular homeostasis not only by generating the vast majority of the supply of adenosine triphosphate (ATP), but also by influencing apoptosis, cell cycle, and metabolism [30] . Through aerobic respiration, mitochondria generate ATP that oxidize glucose, pyruvate, and nicotinamide adenine dinucleotide and hydrogen (NADH), and contribute to the formation of reactive oxygen species (ROS) as a byproduct [31] . Under normal physiological circumstances, the deleterious effects caused by the highly reactive nature of ROS are balanced by the presence of antioxidants, including glutathione, carotenoids, and antioxidant enzymes such as superoxide dismutase, glutathione reductase, catalase and glutathione peroxidase [32] . However, hyper-generated levels of ROS overwhelm the endogenous antioxidant defenses of the host cell, which in turn favors the production of excessive free radicals and thus emanation of oxidative stress [33] . Free radicals thus generated impact biochemical component of the cell, with lipids, proteins and nucleic acids being the most important targets. [25, 26, 34, 35, 44, 46, 47] . Our results imply that MIC treatment causes the formation of carcinogen-DNA adducts and induces alterations to DNA ultra-structure.
DNA repair response
Double-strand breaks are potentially lethal, and cells have evolved a mechanism leading to recruitment of repair proteins. Despite the presence of highly conserved various mechanistic modes to detect and repair lethal DNA damage, in cells confronted with excessive genotoxic stress stimuli, these mechanisms are not always effective enough, leading to accumulation/replication of lesions. Deregulated DNA damage repair, especially due to DNA breaks/cross links, has been suggested to be catastrophic to the integrity of the genome. Analysis of damage repair factors Mre11, Rad50 and Nbs1 in our studies with MIC treated B/CMBA.Ov and NCTC-1469 cells revealed abrupt augmentation in their expression pattern, suggesting the active recruitment of these proteins in response to severity of stress-induced DNA damage and cycle arrest due to active accumulation and trans-activation of check-point genes [46, 47] . The family of growth arrest and DNA damage (GADD) nuclear proteins (GADD45α in particular) delays the cell cycle progression whenever there is genotoxic stress and is specifically involved in the nucleotide excision repair mechanism of DNA and regulates the cellular survival. However, the observed altered expression of GADD45α protein in MIC exposed B/CMBA.Ov cellular homeostasis with the breakdown of antioxidant protection system [41] . Correspondingly, our investigations in MIC treated HEK-293, GC-1 spg and HPAE-26 cells revealed significant induction of oxidative stress through accumulation of 8-oxo-dG bases and ARP sites in the DNA and inhibition of both SOD and GR activities [34] [35] [36] . These results suggest that MIC provokes cells to be more vulnerable to free radical-induced oxidative damage, increased protein thiolation or oxidation of thiol groups and indirectly contributes to the ineffective repair of DNA damage and acquisition of the damaged genotype.
DNA double strand breaks
Toxic oxygen metabolites such as hydroxyl radical can covalently attack nucleophilic sites of nucleic acids causing base hydroxylation, cross-linking or scission of DNA strands and wreak havoc in cells by causing single-or double-strand DNA breakage which could lead to mutagenic effects [42] . Due to their electron loving chemistry, isocyanates have been known to react with exocyclic amino group of deoxynucleotides (dNTP's) to yield carbamoylated DNA cross links/adducts and thus attribute to the biotransformation reactions [43, 44] . Double-strand breaks (DSB) resulting from interstrand crosslinks/adducts are the most deleterious form of DNA damage and appropriate cellular signaling of DNA damage response is imperative for efficient resolution of the damage. This network includes an ataxia telangiectasia mutated (ATM) protein kinase cascade that connects the detection of DNA damage to the activation of a vast array of downstream checkpoint, transcriptional and regulatory pathways [45] . In this regard, cellular response to MIC induced DSB and factors affecting genomic stability were investigated through measurement of phospho-serine protein kinases ATM, ATR and H2AX expression through immunolabeling. [26, 46, 47] . Furthermore, the transitions between late G1, and G1-S and G2/M cell cycle phases are regulated by cyclins A/E in conjunction with their catalytic partners CDK2 through their nuclear translocation to control cell cycle progression, DNA synthesis and mitosis [50] . Interestingly, in our studies with NCTC-1469, GC-1 spg and HEK-293 cells we observed an uncontrolled activation/overexpression of cyclin A, cyclin E and CDK2 proteins at different passages 1 to 5 post MIC treatment suggestive of deregulated G1/S transition machinery with sub-optimal S phase allowing mitotic slippage and initiation of genomic instability [26, 46, 47] .
Genomic instability
In every population of cells, besides the continuously proliferating cycling cells and terminally differentiated cells that are destined to die, there exists a 3rd kind of subpopulation of cells which, though non-dividing, can re-enter the cell cycle upon acquiring an appropriate growth factor or other stress stimulus. Defective intra-cellular pathways of cell cycle and differentiation and/or signaling molecules might underlie the undeterred growth and genetically unstable phenotype [51] [52] [53] . Chemical agents, in this regard, can induce genetic alterations in susceptible cells imparting a selective growth advantage by deregulation of checkpoint signaling protein kinases, providing opportunity to cells for clonal expansion by aberrant mitosis leading to genomic instability [54] . Aurora kinases represent a novel family of serine/threonine kinases regulating crucial mitotic segregation. Deregulation in aurora kinases A and B has been linked to tumorigenesis.
In our experiments with NCTC-1469 and GC-1spg cells in response to MIC exposure, we examined the functioning of these 2 crucial mitotic kinases. While reverse transcriptase PCR analysis of aurora kinase1 gene showed an aberrant amplification at passage 1 and 2, immunocytochemical analysis revealed overexpression of aurora cells indicated compromised state of genome and increased susceptibility to carcinogenesis [46, 47] .
Cell cycle deregulation
In addition, excessive accumulation of DNA damage responsive factors causes early cell cycle arrest. Cell-cycle arrest occurs in response to cellular stress through activation of regulatory checkpoints. Increased p53 activity in response to DNA damage blocks the proliferation of cells in the G1 phase of the cell cycle [48] . In line with this cellular phenomenon, authors' findings in IMR-90, FHC and B/CMBA.Ov cells treated with MIC showed significant cell cycle arrest both at early G1 and G2/M phases, eventually setting the stage for aneuploidy [25, 26, 47] . These results indicate imbalance in ploidy levels and are probably the response of check-point proteins and interruption of cell cycle progression, due to toxic MIC treatment.
Cell cycle checkpoints
In mammalian cells, checkpoint systems represent complex networks that integrate the machinery of cell cycle with DNA repair pathways and lifespan control. For DSB resection, several kinases are coordinately activated which are simultaneously regulated positively by cyclins and cyclin-dependent kinases (CDK) and negatively by CDK inhibitors [49] . Upon examining the role of cell cycle regulatory proteins after MIC treatment in HEK-293, B/CMBA.Ov and NCTC-1469 cells, the authors noted an abrupt upregulation in the levels of both tumor suppressor p53 and cyclin dependent kinase inhibitor p21 WAF/Cip1 proteins. Incidentally, the early G1 phase arrest of cell cycle observed after MIC exposure further corroborated with the marked increase in expression of these proteins. In addition, a temporal upshot of p16 INK4A and sequential up-regulation of pRb proteins along with downregulated expression of cyclin D1 in MIC exposed cells alluded to the deregulated cell cycle with significant impediment in G1/S [25] [26] [27] 35, 46, 47] . Intriguingly, exposure to toxic chemicals also causes subtle lesions in telomeric regions which, if undetected, could destabilize the chromatin bridges in proliferative cells and therefore compromise the stability of genome. Concurrently, our spectral karyotype (SKY) analysis in MIC treated HEK-293 and NCTC cells, respectively, showed incidence of cryptic and multiple translocations implying the greater susceptibility of telomeres to isocyanate exposure, which, consecutively, might play a part in transfer of instability from one chromosome to another through abnormal telomeres and generate many types of rearrangements [34, 46] . Collectively, our investigations have confirmed that there is a synergistic inception of chromosomal instability in the genome as indicated by various unstable-type chromosome aberrations. Moreover, it is rationalized that the persistence of DNA strand breaks/damage during DNA cycling can cause unwanted slipped strand mis-pairing (slippage) and increased rate of mutation/variation in microsatellite kinase B protein at passage 2 in the treated cells indicative of mitotic slippage by override of the checkpoint arrest through rapid exit from mitosis and defective spindle assembly checkpoint and aneuploidy resulting in genomic instability [35, 46] . Deregulated aurora kinase activities can impact organization of the cytoskeleton and result in defective centrosome function sustained G1 arrest along with persistent cyclin E overexpression and eventually mitotic abnormality [55] . Our investigations in MIC treated IMR-90, HEK-293 and FHC cells presented the overexpression of centrosomal protein pericentrin levels suggestive of an abnormal centrosome functioning, thereby generating supernumerary centrioles and improper segregation of chromosomes during cell division. Moreover, surpassing of the cellular capacity to aptly manage spindle assembly checkpoints results in chromosome mis-segregation with subsequent "gain of chromosomal-instable phenotype" and leads to profound karyotype instability [56] . Environmental mutagenic agents, in this regard, can predispose and produce heritable chromosomal aberrations leading to unbalanced complements of chromosomes with varying degrees of severity. Such structural chromosomal rearrangements and losses/gains from non-disjunctions and multipolar mitoses are perceived to be the major factors for aneuploidy [57] . In our published studies, the ability of MIC to induce chromosomal instability was evident from the results obtained with cytogenetic analysis of treated B/CMBA.Ov, NCTC-1469, GC-1 spg, HEK-293, IMR-90 and FHC cells. Metaphase spreads obtained from treated cells showed an array of structural chromosomal aberrations in the form of chromatid fragmentation, p-p arm Robertsonian fusions, premature centromeric separation, dicentrics, chromatid breaks, ring, end-to end fusion, endo-reduplication, markers, double minutes, tri-or quadric-radials. Simultaneously, evaluation of the numerical cytogenetic index revealed a significant percent gain and loss of whole chromosomal number indicating propensity towards aneuploidy and IJOMEH 2015;28(6) 931 changes, thereby compromising the tissue architecture and function [60] . Consistent with this, our investigation in B/CMBA.Ov cells showed an increase in the cell size, a characteristic feature of senescence with early induction of positive staining for β-galactosidase in MIC exposed cells in-advance with large granular nucleus and focal enrichment of lysosome-related β-galactosidase activity at vacuoles which persisted progressively along the incremental time course [47] . These outcomes further support the notion that an increase in lysosomal mass is responsible for the increase in β-galactosidase activity observed in senescent cells.
Neoplasticity
In some cells, senescence-associated DNA damages due to mutagenic exposure could affect a cocktail of oncogenes and tumor-suppressor genes, favoring an evolution toward transformation or immortalization. In order for transformed cells to be generated from senescent cells, there must be some mutagenic events that occur during senescence. The importance of a high rate of mutations associated with senescence in the development of tumors is associated with numerous DNA alterations and mutations and increased cancer incidence [61] . Consistent with this, MIC treated B/CMBA.Ov cells exhibited morphological variations with emergence of daughter clones from senescent mother phenotypes. In vitro cellular transformation assay after 8 days of culture presented striking appearance of anchorage independent growth in clusters having refractile property suggesting that cells, already partially transformed, are highly prone to further neoplastic development upon exposure to isocyanates [47] .
Epigenetic signatures
Chromatin changes are intimately linked with DNA damage response. Overaccumulation of defectively repaired adducts due to impaired mitochondrial-nuclear cross talk alters epigenetic programming through introduction repeats in comparison to other neutral regions of DNA in mammals [58] . In this regard, inter simple sequence repeat (ISSR) PCR analysis in MIC treated IMR-90, FHC, GC-1 spg and NCTC-1469 cells, presented the variable amplification or distribution pattern of ISSR (CA) 8 repeats in the form of gains, losses, or intensity changes in the number of bands indicating the extension of genetic instability to microsatellites [25, 26, 35, 46, 47] . We postulate that the variable amplification of bands in ISSR fingerprint profile might result (because of potential alteration in DNA secondary structure by MIC) in extension of minor groove width that increases the accessibility and reactivity of individual hydrogen atoms of ribose moieties with MIC, thus giving credence as the end point of genomic instability.
Oncogenic transformation
Genomic instability plays a major part in the cellular drift towards phenotypic transformation. Progressive and persistent DNA damage in live cells by oxidants is the key factor contributing to cell ageing and preconditioning to phenotypic transformation. Redox-cycling of xenobiotic compounds and the entry of cells into senescence triggered by oncogene overexpression, in part mediated by oxidative stress, may collectively contribute to undesirable inadvertent cellular transformation [59] . Experiments performed in HEK-293 and GC-1 spg cells exposed to MIC further substantiate these observations by means of the morphological variations and increased uptake of β-gal stain by these, probably transformed, senescent cells manifested at higher time course and passage levels [34, 35] .
Stress-induced premature senescence
On the contrary, induction of a stress induced senescencelike phenotype occurs after environmental and genotoxic insults and several treatments can stimulate and accelerate a senescence-like state prematurely in young cells. This forces cells to acquire multiple phenotypic IJOMEH 2015;28(6) 932 damaged fragile sites [67] . Similarly, a direct role of mitochondrial oxidative stress induced aberrant chromatin regulation, as a central phenomenon, to perturbed genomic integrity in the ovarian and testicular milieu has also been recently reported [68, 69] . From our studies it is quite evident that in vivo studies will be imperative to dissect the putative role of MIC-induced epigenetic modifications. Further, identification and characterization of molecular switches that affect these epigenomic signatures and targets thereof will be necessary to understand the complex role of MIC-driven aberrant chromatin response at a greater depth.
Infection-driven cancers and epigenomic links
Epigenetic studies have abruptly changed our vision of the determinants of exogenous influence on human ailments. Mechanistic laboratory investigations and clinicoepidemiological data have provided insights of heritability of epigenetic traits suggesting molecular influence of the environment to extend well beyond the interaction with the DNA sequence. A persistent hyper-responsive cellular and humoral immune state observed 2 decades later in individuals in utero exposed to MIC during the Bhopal gas tragedy offers a potential insight into epigenetic modulation of the immune system [70] . A retrospective surveillance for monitoring possible health effects for the hepatitis infections amongst the 1st and 2nd generations of survivors of Bhopal gas tragedy revealed hepatitis virus infections to be most common among the MIC exposed cohort [71] [72] [73] [74] . Genotype 3 of hepatitis C virus (HCV) was the most prevalent HCV genotype among the survivors [75, 76] . Failure to detect surface antigen of the hepatitis B virus (HBsAg), hepatitis B core antibody (anti-HBc) and anti-hepatitis C antibodies (anti-HCV) through enzyme-linked immunosorbent assay (ELISA) in significant number of samples indicated higher prevalence of occult hepatitis (HBV/HCV) in the MIC affected population [75] . As the risk of progress of negative charge on the chromatin structure [62, 63] Albeit miRNA expression is controlled by transcriptional machinery, there is increasing evidence that protein regulators of the miRNA expression can also be affected during genomic instability [64] that is insinuated following pro-oxidant exposures such as MIC. Destabilization of epigenetic signature due to oxidative modifications might also influence telomeric function as guanine rich nucleobases at telomeres are highly susceptible to oxidative changes [65] . Irreparable damage at telomeric sites might serve as a signal for senescent state, eventually perpetuating a self-cascade cycle of inflammatory associated secretome [66] . A recent study from our laboratory has shown that perturbation in mitochondrial machinery led to hypermethylation of p16 and smad4 gene promoters and downregulation of respective gene products following MIC exposure in human pancreatic epithelial cells. Post-translational histone modifications that include hypo-acetylation of AcH3 and AcH4, hypermethylation of H3K9me1 and H4K-20me3, ubiquitinated uH2A/uH2B and increased phosphorylation of H2AX and H3 were observed in the isocyanate treated cells. Altered expression of miRNAs denoted possible location of corresponding genes at oxidatively IJOMEH 2015;28(6) 933 carefully monitored during subject recruitment. As required for any risk assessment studies, the investigative strategy will require: -Suitable biological matrices -easily accessible in sufficient volumes under routine conditions. Samples should be collected and stored using standard operating procedures. -Selection of parameters of the study should be able to reflect internal incidental exposure and biochemical effects. -Quality control and assurance of the analytical methods employed should be validated for efficient interpretation of results. Exponential increase in cancer cases world-wide has been often linked to perturbations in gene-environment interactions, therefore, molecular carcinogenic risk-assessment eloquently addresses gene-environment interaction and inter-individual variation through multidisciplinary efforts. This includes epidemiology, genetics, cell biology, immunology and statistics. Post-modernization, cancer risk evaluation is often attached great clinical importance but as occupational diseases continue to dominate global concerns, strategies have better evolved for evaluation of systemic uptake from chronic (long-term) in comparison to acute (short term and peak) environmental toxic exposures. Associated with modern life style, cancer risk from occupational exposure is a major cause of concern. Not ascribed enough importance, predisposition to carcinogenic risk following accidental exposure still remains an intricate issue that needs to be debated and discussed. In such a scenario, a pertinent question that emerges is whether acute short-term exposure (1 h to 10 days) to highly toxic substance/s could possibly contribute to long-standing repercussions and if so, whether these implications can be quantified employing definitive measures. Exposure analysis that possibly augments cancer risk can be performed through molecular bio-dosimetry of infection is often influenced by condition and nature of chemical exposure, insights of interconnected pathways between aberrant epigenetic modification and manifestations of hepatitis-induced carcinogenesis might offer valuable information for shaping better strategies of prevention and management of these infectious trends in the MIC-exposed population. Implementing designer personalized therapeutic strategies such as dendritic cell based vaccines may be a promising strategy against such infection-associated cancers [77] [78] [79] [80] .
A pragmatic model with clinical translation potential As 30 years have elapsed following the exposure to MIC in Bhopal, to establish a cohort of exposed individuals, inclusion criteria need to be carefully validated. Of course, it would require painstaking efforts to identify and ensure that the individuals were indeed exposed to MIC. Notwithstanding the concerns, ascertainment of MIC exposure must rely on the following criteria: -physical presence and address of stay on the night of MIC leak from the factory, -distance from the factory, -protective measures taken at the time of gas leak, if any, -remained outdoor or indoor, -if outdoor, what was the activity profile, i.e., running or exertion or walking or driving, etc., -the overall symptom profile like respiratory, cutaneous and ocular symptoms on that night to corroborate exposure. Besides, non-exposed healthy controls should be recruited from places within the geographical region of Bhopal but from unaffected zones (more than 25 km from the plant) and from places well outside geographical region of Bhopal (more than 200 km from the plant). Any confounding factor such as socio-economic conditions, history and duration of stay, tobacco use/alcohol consumption, and any significant medical history impeding the evaluatory framework of exposure-response relationship should be IJOMEH 2015;28(6) 934 this knowledge into an investigative framework of "molecular bio-dosimetry" in a strictly selected cohort of individuals exposed to MIC during the accident. It is now imperative to design a coherent strategy by initiating a debate involving experts and linking national and international institutions of repute working on environmental health risk assessments. Given that mitochondrial retrograde signaling-induced epigenetic reprogramming is apparently linked to neoplasticity, a cutting-edge tailored approach will be fundamental to drive these strategies from bench to bedside. Validating the epigenomic signatures will hopefully result in the development of biomarkers to better protect human lives in an overburdened ecosystem which is continuously challenged to meet population demands. Lack of scientific ambience and academic amalgamation due to socio-demographic deficits has been a major impediment towards developing a committed inter-disciplinary talent pool of experts in Bhopal. Organizational restructuring, institutional impetus and infusion of necessary funds will help to build a team of bio-medical researchers with rich expertise to undertake the investigation and owe the ambitious responsibility. Although the challenges are enormous, we postulate that the study will be necessary to establish a direct initiation-promotion paradigm of environmental carcinogenesis. While it is most unfortunate that the accident occurred in Bhopal, this possibly offers a unique opportunity to learn the ramifications of acute toxic exposures. Besides providing preventive management of future industrial disasters and refining risks that mankind faces from chemicals and other environmental hazards, specific biomarkers that characterize personal exposure analysis might aid in shaping strategies to help the ailing survivors of the tragedy. From a translational oncologist's perspective, the investigations might also help to formulate suitable regulatory policies and measures to reduce the overall societal burden of environmental carcinogenesis.
(i.e., measuring indices of mitochondrial oxidative stress, inflammatory cytokine response, DNA damage and repair response, apoptosis, genomic instability and epigenetic signatures), which reflects a biologically effective dose. Bhopal, as a model could provide an unparallel opportunity for risk assessment that would forecast an individual's susceptibility to carcinogenesis after an accidental (acute) environmental toxic exposure. Recognizing cancer as a multi-factorial disease, the proposed risk-assessment study will use bio-dosimetry of cancer risk that elucidates multiple gene-environment interactions, where several genetic and epigenetic signaling pathways indulge interactively. The 3 recognized facets of molecular surveillance of human cancer risk: -inherited host susceptibility factors, which negatively or positively regulate the exposure to onset of a cancer phenotype, -molecular bio-dosimetry of exposure indices that identifies the dose of exposure that altered macromolecules such as DNA and proteins during or post-exposure, -biomarkers of patho-biologic effect still persisting must be given equal emphasis. Besides genetic, subtle alterations such as DNA hyper/hypo-methylation with subsequent extent of histone modifications in the form of histone acetylation, deacetylation, ubiquitination and sumoylation might outline the epigenetic aspects of the MIC induced carcinogenesis. In addition, global gene expression and transcriptomic profiles might yield informative signatures for phenotype of a complex disease such as cancer and genotype, i.e., DNA polymorphisms. During the last decade-long period, our systematic laboratory investigations coupled with molecular surveillance studies have comprehensively demonstrated that the risk of developing an environmental associated aberrant phenotype following MIC exposure involves complex interplay of genomic and epigenetic reprogramming. These findings poised us to translate IJOMEH 2015;28 (6) 
